Capettini LS, Cortes SF, Gomes MA, Silva GA, Pesquero JL, Lopes MJ, Teixeira MM, Lemos VS. Neuronal nitric oxide synthasederived hydrogen peroxide is a major endothelium-dependent relaxing factor. Am J Physiol Heart Circ Physiol 295: H2503-H2511, 2008. First published October 24, 2008 doi:10.1152/ajpheart.00731.2008.-Endothelium-dependent vasorelaxation in large vessels is mainly attributed to N -nitro-L-arginine methyl ester (L-NAME)-sensitive endothelial nitric oxide (NO) synthase (eNOS)-derived NO production. Endothelium-derived hyperpolarizing factor (EDHF) is the component of endothelium-dependent relaxations that resists full blockade of NO synthases (NOS) and cyclooxygenases. H2O2 has been proposed as an EDHF in resistance vessels. In this work we propose that in mice aorta neuronal (n)NOS-derived H2O2 accounts for a large proportion of endothelium-dependent ACh-induced relaxation. In mice aorta rings, ACh-induced relaxation was inhibited by L-NAME and N -nitro-L-arginine (L-NNA), two nonselective inhibitors of NOS, and attenuated by selective inhibition of nNOS
vasorelaxation; acetylcholine; antisense; knockdown NEURONAL NITRIC OXIDE (NO) synthase (nNOS) is a Ca 2ϩ / calmodulin-dependent isoform of NO synthase (NOS) constitutively expressed in neurons and in many other different tissues (17, 32, 36, 50, 57) . In the cardiovascular system, nNOS is expressed in vascular smooth muscle cells (6, 7) , vascular endothelium (1, 23) , and cardiac myocytes (53) . nNOS has a physiologically relevant role in modulating cardiac function (10) , myogenic tone (16) , systemic arterial pressure (28) , and cerebral blood flow (19) . Recent studies have shown that deletion of nNOS reduces vasodilation induced by ACh (40) in the mouse aorta.
Most evidence linking NO and vasorelaxation derives from studies that use inhibitors of NOS, including N -nitro-L-arginine methyl ester (L-NAME) and N -nitro-L-arginine (L-NNA). It is not clear whether NO is the only vasoactive mediator involved in ACh-induced vasorelaxation because NOS generates several intermediates as a result of electron transport during enzymatic cycling, including H 2 O 2 (22, 45, 55) . In large conductance vessels, such as aorta, NOS inhibitors prevent vasodilation, and hence NO is believed to be the main endothelium-derived relaxant factor (EDRF) (42) . In resistance vessels, the participation of endothelium-derived hyperpolarizing factors (EDHF) is largely accepted (18) . Classically, EDHF-mediated responses are defined as the endotheliumdependent relaxation after the blockade of the synthesis of NO and vasodilator prostaglandins (56) . The chemical nature of EDHF remains controversial (15) . Recently, H 2 O 2 was described as a new EDHF in murine and human mesenteric resistance arteries (33, 34) and canine (58) and human (38) coronary arteries. Furthermore, H 2 O 2 has been shown to elicit both hyperpolarization and vasodilatation of peripheral and cerebral arteries (5, 25, 33) to activate Ca 2ϩ -activated K ϩ channels in vascular smooth muscle cells (2, 3, 8) and a nonselective cation channel in endothelial cells (26) .
In the present study, we demonstrate that H 2 O 2 produced after stimulation of endothelial cell-derived nNOS accounts for a large portion of the relaxation induced by ACh in the mouse aorta. Hence classical nonselective inhibitors of NOS prevent the production of both NO and H 2 O 2 , suggesting that both NO and H 2 O 2 can be defined as EDRF in the mouse aorta.
MATERIALS AND METHODS
Animals. All experimental protocols were performed in accordance with guidelines for the humane use of laboratory animals at our Institute and were approved by the Animal Ethics Committee of the Federal University of Minas Gerais (Protocol No. 26/2007). We used 12-to 14-wk-old male C57BL/6J mice obtained from the University animal facility.
Organ chamber experiments.
Rings from the thoracic aorta were obtained and set up as previously described (37) . ACh (Sigma, St Louis, MO), exogenous H 2O2 (Merck, Darmstadt, Germany), sodium nitroprusside (SNP; Sigma), and diethylamine NONOate diethylammonium salt (DEA-NONOate; Sigma) were added in increasing cumulative concentrations once the response to 0.1 mol/l phenylephrine (Sigma) had stabilized. The vessels were washed thoroughly and stood for 60 min. The vessels were then incubated for 20 min with the indicated drugs, with the exception of aminotriazole (ATZ), and a second cumulative concentration-response curve for ACh was constructed. ATZ (50 mmol/l), a catalase inhibitor (4, 9, 11, 14, 43, 47, 52, 59) , was added to the preparation 40 min before the addition of the indicated drugs. In experiments performed to assay the inhibitory effect of ATZ over catalase (2,400 IU/ml; Calbiochem, San Diego, CA; and Sigma), both drugs were incubated together in solution for 40 min, and after this time tissues were treated with these drugs for an additional 20 min. In experiments using H 2O2, SNP and DEANONOate, another vessel segment from the same animal, were used to construct the second curve. Mechanical activity was recorded isometrically, as previously described (30) .
RT-PCR. Frozen tissues (aorta, heart, and brain) were homogenized in TRIzol (Life Technologies, Gaithersburg, MD), total RNA was extracted, and RT-PCR was performed as previously described (29) . The following primers (Invitrogen, Carlsbad, CA) were used in the experiments: for endothelial NOS (eNOS), TTCCGGCTGCCACCT-GATCC (forward) and AACATATGTCCTTGCTCAAG (reverse); for inducible NOS (iNOS), CTTGCCCCTGGAAGTTTCTC (forward) and GGGCATTCCTCCAGGCCATC (reverse); for nNOS, TTCAACTACATCTGTAACCA (forward) and TCTGCAGCGGT-ACTCATTCTC (reverse); and for ␤-actin, GTTCCGATGCC-CCGAGGATCT (forward) and GCATTTGCGGTGCACGATGGA (reverse). The sizes of the expected products were: 341 bp for eNOS, 579 bp for iNOS, 693 bp for nNOS, and 600 bp for ␤-actin.
Western blot analysis. Western blot was performed as previously described (49) with some modifications. Briefly, the frozen tissues (aorta and brain) were homogenized in lyses buffer of (in mmol/l) 150 NaCl, 50 Tris ⅐ HCl, 5 EDTA.2Na, and 1 MgCl 2 containing 1% Triton X-100 and 0.5% SDS plus protease inhibitors (SigmaFAST; Sigma). Equal amounts of protein were denatured and separated in denaturing SDS/7.5% polyacrylamide gel. Proteins were transferred onto a polyvinylidene fluoride membrane (Immobilon P; Millipore, MA). Blots were blocked at room temperature with 2.5% non-fat dry milk in PBS plus 0.1% Tween 20 before incubation with rabbit polyclonal antinNOS (diluted 1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA), rabbit polyclonal anti-eNOS (diluted 1:1,000; Sigma), or rabbit polyclonal anti-GAPDH (diluted 1:3,000; Santa Cruz Biotechnology) at room temperature. The immunocomplexes were detected by chemiluminescent reaction (ECL ϩ kit; Amersham, Les Ulis, France) followed by densitometric analyses with software ImageQuant.
Immunohistochemical procedure. The aorta was removed, immediately fixed with 10% Formalin, dehydrated, and embedded in paraffin. Sections (6 m thick) were stained with anti-nNOS rabbit antibody (diluted 1:100) overnight at 4°C. The reaction was detected using biotinylated anti-rabbit IgG antibody (LSAB ϩ PEROXIDASE System; Dako, Glostrup, Denmark). Staining was performed with 14 mg of 3,3Ј-diaminobenzidine tetrahydrochloride and 10% H 2O2 in PBS solution. The sections were not counterstained.
Measurements of H 2O2 in vascular segments. Luminol-dependent chemiluminescence induced by H2O2 was measured using a BioOrbit 1250 Luminometer. Ring segments of mouse aorta (2 to 3 mm) were placed in tubes containing 1 ml Krebs-HEPES buffer solution of (in mmol/l) 110.8 NaCl, 5.9 KCl, 25.0 NaHCO 3, 1.07 MgSO4, 2.49 CaCl2, 2.33 NaH2PO4, 11.51 glucose, and 10 HEPES (pH 7.4) containing 100 mol/l luminol (Sigma) continuously stirred and maintained at 37°C. The reaction was initiated by the addition of 6 IU/ml of horseradish peroxidase (54) and ACh. When necessary, the vessels were preincubated for 20 min with different drugs, as indicated before the initiation of the reaction. In some experiments, the endothelial layer of aorta segments was removed as described elsewhere (30) . The absence of relaxant responses to ACh was taken as evidence that the vessel segments were functionally denuded of endothelium.
Spectrophotometric and fluorescent measurement of H 2O2. Spectrophotometric determination of H2O2 was performed according to the ferrous oxidation-xylenol (FOX-2) method with some modifications (41) . Aortic rings were removed as described previously and incubated in tubes containing Krebs-Henseleit solution, maintained at 37°C. Vessels were stimulated with ACh (100 mol/l) and 200 l of perfusate taken 5 min later. The perfusate was mixed with 1,800 l of FOX-2 reagent. The reaction was allowed to run in the dark for 30 min at room temperature, and the absorbance was monitored at 560 nm. Complete absence of H 2O2 was ensured by adding catalase (2,400 IU/ml). Fluorescent detection of H2O2 in endothelial cells was performed according to Matoba et al. (34) with some modifications. Briefly, aortic rings were cut longitudinally and incubated in 5 mol/l 2Ј,7-dichlorodihydro-fluorescein diacetate (DCF; Calbiochem, San Diego, CA), a peroxide fluorescent dye (34), for 15 min and then placed on a slide glass and observed using an epifluorescence IX70 Olympus microscope (Tokyo, Japan). Fluorescence was excited at 480 nm with use of a xenon lamp, and emitted fluorescence was being filtered by a 490-to 530-nm band-pass filter. Fluorescent images of the endothelium were obtained before and 5 min after the application of 100 mol/l ACh, which was achieved by dropping 10 l Krebs-HEPES buffer solution containing ACh onto the slide glass. Relative fluorescence intensity was calculated using images obtained under basal conditions without ACh by means of a digital camera Optronics model DEI-470 and the processing image software Image Pro-Plus 5.0. To determine the effect of catalase on ACh-induced increase in fluorescence, tissues were pretreated for 10 min before the addition of ACh. Nitrite measurement. Nitrite measurements were performed by using 2,3-diaminonaphthalene (DAN; Sigma) fluorescent method according to Misko et al. (37) with modifications. Briefly, 20 l of 0.05 mg/ml DAN were added to 200 l of perfusate obtained as described in Spectrophotometric and fluorescent measurement of H 2O2. After 10 min incubation at 20°C protected from light, the reaction was stopped with 10 l of 2.8 mol/l NaOH. Formation of fluorescent product was measured using a fluorescent plate reader (Cary Eclipse Microplate reader; Varian) with excitation at 360 nm and emission read at 440 nm with a gain setting at 100%.
Antisense oligonucleotides. To silence eNOS and nNOS, we took advantage of the antisense oligodeoxynucleotides (aODNs) technique. The 18-base phosphorothioated aODNs were constructed based on the mouse sequence (46) . Both are stable and enter the cell (31, 46) . We used the specific sequences 5Ј-CTCTTCAAGTTGCCCATGT-3Ј for eNOS and 5Ј-AACGTGTGCTCTTCCATGG-3Ј for nNOS (Genbank Accession No. NM 008713 and NM 008712) purchased from Eurogentech North America (San Diego, CA). The phosphorothioated mismatch oligodeoxynucleotides (MM-ODNs) sequence with the base composition 5Ј-GTCTTGAACTTCCCGATCT-3Ј was used as control oligodeoxynucleotides (ODNs).
In vivo administration of ODNs and evaluation of the nNOS and eNOS efficiency in vivo.
Mice received 2 nmol aODNs or 2 nmol MM-ODNs intravenously 24 and 48 h before the experiments according to Dick et al. (12) with some modifications. The aODNs and sense oligodeoxynucleotides (sODNs) were dissolved in a total volume of 200 l saline and injected with a 26-gauge needle in the penile vein. Animals were anesthetized by intraperitoneal injection (3 ml/kg) of a 
-L-Dbu (1 mol/l), and TRIM (300 mol/l) reduced ACh-induced H2O2 production. Catalase (2,400 IU/ml) or endothelium removal (E Ϫ ) abolished H2O2 production, and hemoglobin (10 mol/l) or N -nitro-D-arginine methyl ester (D-NAME; 300 mol/l) did not alter the response. B: SNP (10 mol/l) did not induce chemiluminescent signals. C: FOX-2 method also showed that L-NAME, L-NNA, TRIM, catalase, and endothelial removal, but not D-NAME, reduced AChinduced H2O2 production. D: fluorescence detection of H2O2 in endothelial cells in the absence and presence of catalase (n ϭ 5-8). ***P Ͻ 0.001; **P Ͻ 0.01. RLU, relative luminescence units; au, arbitrary units. mixture of ketamine (100 mg/ml) and xylazine (20 mg/ml) 1:4 (vol:vol). The efficiency of the aODNs to block the expression of nNOS and eNOS was evaluated by Western blot analysis and by functional assay of ACh-induced vasorelaxation.
Statistical analysis. Data are expressed as means Ϯ SE. Two-way ANOVA with Bonferroni multiple comparisons posttest was used to compare concentration-response curves obtained in aortic rings. Student's t-test was used in the other experiments.
RESULTS
Vascular reactivity. ACh induced a concentration-dependent vasorelaxation, which was prevented by the nonselective inhibition of NOS with L-NAME (300 mol/l) and L-NNA (100 mol/l) and by removal of endothelium (Fig. 1A) . Preincubation of vessels with L-Arg NO2 -L-Dbu-NH 2 2TFA (L-Arg NO2 -L-Dbu; 1 mol/l; K i ϭ 0.13 mol/l for nNOS and 200 mol/l for eNOS) (24) and 1-(2-trifluoromethylphehyl)imidazole (TRIM; 300 mol/l; K i ϭ 28 mol/l for nNOS and 1,060 mol/l for eNOS) (20) , two selective inhibitors of nNOS, markedly decreased the vasorelaxant response induced by ACh (Fig. 1B) . Indomethacin (10 mol/l) had only minor effects (Fig. 1A) . Catalase, an enzyme that specifically decomposes H 2 O 2 into oxygen and water (44, 61) , was used to evaluate the role of H 2 O 2 in ACh-induced vasorelaxation. Catalase (2,400 IU/ml) reduced the vasodilator effect of ACh to the same extent as the inhibition of nNOS (compare Fig. 1, B and C) . ATZ (50 mmol/l), an inhibitor of catalase, abolished the inhibitory effect of catalase on ACh-induced relaxation (Fig.  1C) and potentiated endothelium-dependent relaxation induced by ACh (Fig. 1C) .
To account for any nonspecific effect of catalase on NO levels, the enzyme was tested against the vasodilator effect of two NO donors: DEA-NONOate and SNP. Catalase (2,400 IU/ml) had no effect on DEA-NONOate-and SNP-induced relaxation in endothelium-denuded mice aortic rings ( Fig. 2A) .
Exogenous H 2 O 2 induced a concentration-dependent relaxation of endothelium-denuded aortic rings (pEC 50 ϭ 4.4 Ϯ 0.08; Fig. 2B ), as it has been described in other vessels (35, 38) . This response was potentiated (10-fold; pEC 50 ϭ 5.8 Ϯ 0.19) by ATZ (Fig. 2B) . On the other hand, ATZ did not change the relaxant response to DEA-NONOate and SNP (data not shown).
ACh stimulates production of H 2 O 2 in the mouse aorta, which is decreased by inhibition of nNOS.
ACh induced a concentration-dependent increase in H 2 O 2 production in the mouse aorta, as assessed by luminol/horseradish peroxidase chemiluminescence (supplemental Fig. 1 ; all supplemental material can be found with the online version of this article). H 2 O 2 production was abolished by the removal of endothelium and by catalase (2,400 IU/ml; Fig. 3A) . Exposure of aortic Fig. 4 . Measurement of nitrite by fluorescence method with 2,3-diaminonaphthalene (DAN) reagent. Data show that L-NAME (300 mol/l), L-NNA (100 mol/l), and removal of endothelium (E Ϫ ) decreased nitrite synthesis in the mouse aorta. TRIM (300 mol/l) had a minor effect on nitrite production. D-NAME (300 mol/l) did not alter the response (n ϭ 5-8). ***P Ͻ 0.001; *P Ͻ 0.05.
Fig. 5. Endothelial NOS (eNOS), inducible NOS (iNOS)
, and nNOS mRNA levels in aorta, heart, and brain of mouse. Data show that eNOS (A) and nNOS (C) but not iNOS (B) mRNA were expressed in mouse aorta (n ϭ 3).
rings to L-NAME (300 mol/l), L-NNA (100 mol/l), TRIM (300 mol/l), and L-Arg NO2 -L-Dbu (1 mol/l) also dramatically reduced ACh-induced H 2 O 2 production, whereas N -nitro-D-arginine methyl ester (D-NAME), the inactive analog of L-NAME (300 mol/l), was ineffective (Fig. 3A) . L-NAME, L-NNA, TRIM, and L-Arg NO2 -L-Dbu did not interfere with the chemiluminescence signal induced by the addition of exogenous H 2 O 2 (data not shown). Stimulation of the vessels with SNP (100 mol/l) did not produce any increase in the chemiluminescence signal (Fig. 3B) , and scavenging of NO with hemoglobin (10 mol/l) did not affect H 2 O 2 production stimulated by ACh (Fig. 3A) . Together, the results with SNP and hemoglobin show that our chemiluminescence signal was not due to an increase in NO production. Using the FOX-2 method, we confirmed that there was inhibition of H 2 O 2 production in the absence of endothelium and in the presence of L-NAME, L-NNA, TRIM, or catalase (Fig. 3C) . H 2 O 2 increases mediated by ACh were also measured directly in endothelial cells loaded with DCF using an epifluorescent microscope. In this system, although the endothelial monolayer was clearly distinguished, the underlying smooth muscle cell layer could not be visualized. As seen in Fig. 3D (for images, see supplemental Fig. 2 ), ACh produced an increase in the DCF fluorescence intensity in endothelial cells that was abrogated in the presence of catalase.
ACh stimulated production of nitrite in the mouse aorta. Stimulation of aortic rings with ACh induced an increase in nitrite production (Fig. 4) . The removal of endothelial cells, sequestration of NO with hemoglobin, or inhibition of NOS with L-NAME (300 mol/l) or L-NNA (100 mol/l), but not D-NAME, greatly decreased nitrite production (Fig. 4) . The nNOS inhibitor TRIM partially inhibited the production of nitrite induced by ACh, showing that nNOS contributes with part of the total NO produced in the mouse aorta (Fig. 4) .
nNOS expression in the mouse aorta. Brain and hearts of mice expressed mRNA for all three isoforms of NOS. In contrast, there was a significant expression of mRNA for eNOS and nNOS, but not iNOS, in the aorta (Fig. 5) . Constitutive expression of nNOS was confirmed by Western blot analysis in brain and endothelium-containing aortas (Fig. 6A) . Removal of endothelium decreased by ϳ90% the detection of nNOS in the mouse aorta (Fig. 6A) . Immunohistochemistry for nNOS performed in the mouse aorta indicates this enzyme is localized in the vascular endothelium but is undetectable from vascular smooth muscle or adventitia (Fig. 6, B-E) . Western blot analysis of eNOS is shown for comparison in supplemental Fig. 3 .
Effect of eNOS and nNOS knockdown on relaxation and H 2 O 2 production induced by ACh. The lowest level of nNOS (by ϳ82.6% reduction; Fig. 7A ) and eNOS (by ϳ75.4% reduction; Fig. 7B ) expression in the mouse aorta was achieved 48 and 24 h after the aODNs injection, respectively. Antisense knockdown of nNOS decreased by 50% ACh-dependent relaxation (Fig. 7C) and ACh-induced H 2 O 2 production (Fig. 7D) in the mouse aorta compared with MM-ODNs animals. Specific inhibition of nNOS with L-Arg NO2 -L-Dbu (1 mol/l) decreased relaxation (Fig. 7C ) and H 2 O 2 ( Fig. 7D ) production induced by ACh in MM-ODNs mouse aorta, in the same proportion as knockdown of nNOS, but did not modify both responses in the aortas of ODN-treated animals. Antisense knockdown of eNOS reduced by ϳ50% ACh-induced relaxation (Fig. 7E) and did not modify ACh-dependent H 2 O 2 production (Fig. 7F) in the mouse aorta. Selective inhibition of nNOS with L-Arg NO2 -L-Dbu (1 mol/l) further decreased the relaxant response in aortas of eNOS knockdown animals (Fig. 7E) .
DISCUSSION
There are three major findings reported in the present study: 1) H 2 O 2 accounts for a substantial portion of ACh-induced relaxation in the mouse aorta; 2) nNOS is expressed in the vascular endothelium, contributes to ACh-induced relaxation, and is a main source of H 2 O 2 ; and 3) nonspecific blockade of NOS greatly decreases the production of both NO and H 2 O 2 and abolishes ACh-induced vasorelaxation. Hence the effects of NOS inhibitors in the mouse aorta cannot be solely ascribed to the inhibition of NO production.
It is well established that NO is the main EDRF in large conductance vessels (42) . This statement is fundamentally based on the observation that endothelium-mediated vasorelaxation is blocked in the presence of the nonspecific blockade of NOS (27, 56) . Consistent with these data, we found that in the mouse aorta ACh-induced relaxation was strongly inhibited in the presence of L-NAME or L-NNA and abolished after the removal of the endothelium. Using two distinct methods, we showed that ACh induces the production of H 2 O 2 . This increase in H 2 O 2 production was prevented in the absence of endothelium and catalase inhibited, suggesting that the main source of H 2 O 2 was the endothelial cell. This hypothesis was further confirmed by our fluorescence experiments directly showing H 2 O 2 production by endothelial cells. Our results also show that exogenous H 2 O 2 has a direct vasorelaxant effect in endothelium-denuded aorta, and endogenous H 2 O 2 plays a role in mediating ACh-induced vasorelaxation in the mouse aorta. The lack of effects of catalase on the vasodilator effect of NO donors suggests that the enzyme was not having a direct effect on NO-induced vasorelaxation. These results are in accordance with other studies showing that exogenous H 2 O 2 produced a vasodilator effect in cerebral and skeletal muscle arteries (13 (21, 32) . nNOS was also reported to be present in the cardiovascular system (1, 6, 7, 10, 16, 23, 28, 40, 53, 60) , but relatively little is known about the role nNOS plays in cardiovascular homeostasis. Antihypertensive actions have been attributed to nNOS, and selective inhibitors of this isoform have been reported to attenuate flow-induced vasodilatation in eNOS Ϫ/Ϫ mice (23). ACh-induced vasorelaxation is reduced in aorta of nNOS Ϫ/Ϫ mice (40) . In agreement with the latter study, we showed nNOS expression on vascular endothelium. Moreover, L-Arg NO2 -L-Dbu and TRIM, two selective inhibitors of nNOS, greatly reduced vasorelaxation mediated by ACh with a good correlation with the inhibition found with catalase. TRIM only partially decreased NO production, whereas L-NAME and L-NNA almost completely abolished NO increases after the stimulation of the vessels with ACh. Importantly, both L-Arg NO2 -L-Dbu and TRIM and nonselective inhibitors strongly decreased ACh-mediated production of H 2 O 2 . Thus nNOS is expressed on the vascular endothelium of the mouse aorta and contributes to H 2 O 2 production and to endothelium-and H 2 O 2 -dependent vasodilatation.
Antisense knockdown of nNOS decreased both relaxation and H 2 O 2 production induced by ACh in the same proportion as catalase and selective inhibition of nNOS, suggesting that H 2 O 2 is the main mediator of nNOS-mediated relaxation. Antisense knockdown of eNOS decreased ACh-induced relaxation in the same extent as nNOS knockdown but did not change the production of H 2 O 2 mediated by ACh. The residual relaxation found in aorta from eNOS knockdown animals was mainly mediated by nNOS since selective inhibition of nNOS with L-Arg NO2 -L-Dbu further decreased the relaxant response. Together, these results suggest that eNOS, nNOS, and NO and H 2 O 2 importantly contribute to ACh-mediated relaxation in the mouse aorta.
In contrast to our findings, a previous study (39) has reported negative findings with regard to expression of nNOS in endothelium of wild-type mice. Possible reasons for this discrepancy may be related to the type of vessels used and age differences and even the methodology for evaluating the expression of nNOS. Although we used aorta from 12-to 14-wkold C57BL/6J mice, they used the carotid artery from 8-to 10-wk-old C57BL/6 mice. Further experiments are necessary to clarify these issues, but our results clearly show the expression of nNOS in the aorta of C57BL/6J mice.
Endothelial tissues synthesize and release several relaxing factors, including NO, EDHF, and prostacyclin (PGI 2 ). The response attributed to EDHF is the endothelium-dependent relaxation after the blockade of the synthesis of NO and vasodilator prostaglandins (56) . In resistance vessels H 2 O 2 was proposed to be an EDHF originated from NOS (34, 35) . Here we found that the endothelium-derived relaxant response to H 2 O 2 is also blocked by NOS inhibition in a conductance vessel. Current unpublished data from our laboratory show that H 2 O 2 hyperpolarizes smooth muscle cells from the mouse aorta. In this regard, H 2 O 2 can be considered an EDHF in the mouse aorta. Hence an important finding of our work is the fact that NOS inhibitors will prevent not only NO production but also the production of H 2 O 2 . Since both mediators are capable of relaxing vessels and derive from the same enzyme, our results suggest that the use of NOS inhibitors may not be sufficient to account for the participation of NO in mediating vasorelaxation in many circumstances. Such possibility clearly deserves further investigation since it impacts the way we routinely evaluate the role of NO/NOS in biological systems.
In conclusion, our data are first to provide unequivocal evidence that nNOS-derived H 2 O 2 is an EDRF and accounts for a substantial portion of ACh-induced vasorelaxation in the mouse aorta. By inference, the use of nonselective inhibitors of NOS is no longer enough to guarantee the exclusive participation of NO in relaxations induced by ACh in murine arteries.
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